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By Park Y, Wong 


SUMMARY 

The results of the power-off wind-tunnel tests of a 
1/11-scale model of a twin-engine cargo airplane equipped 
with wheel skis are presented. Longitudinal-, directional-, 
and lateral-stability characteristics were investigated 
for two flap positions and three ski positions. The effect 
on the drag coefficient of fairing the main skis in the 
retracted position was also investigated. 

The test results indicated that the longitudinal-, 
directional-, and lateral-stability characteristics in 
pitch and yaw were practically unchanged by the addition 
of the wheel skis. At a lift coefficient of 0.2 (high- 
speed condition), the measured drag increment due to the 
main skis in the retracted position was O.OOI7. This 
value was reduced to 0.0005 when fairings were added between 
the main skis and the nacelles. The measured drag increment 
of the tail ski was O.OOO5. 


INTRODUCTION 

At the request of the Air Technical Service Command, 
tests on a 1/ll-scale model of a twin-engine cargo air- 
plane eauipped with wheel skis were conducted in the 
Ames 7- by 10 -foot wind tunnel. A three-view drawing of 
the airplane is presented in figure 1 . The purpose of 
these tests was to investigate the effect of wheel skis on 
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power-off longitudinal-, directional-, and lateral-stability 
characteristics of the model and to investigate the effect 
on the drag of fairing the main skis in the retracted posi- 
tion. 


Pitch and yaw runs were made with the model in the 
skis-off condition at two flap positions and with retracted 
and extended main landing gear as a measure for comparison 
with the skis-on runs. With the model in the skis-on condi- 
tion, runs were made with the main skis and gear retracted, 
extended for landing on a hard surface, and extended for 
landing on snow. Tor these runs, the tail ski and gear 
were always in a fixed position as the tail wheel is non- 
retractable . Figure 2 shows detail drawings of the ski 
positions tested. 

The tests were conducted during the period of 
December 16 to December 19 , 19 ^, inclusive. All data 
included have been presented previously in preliminary form. 


DESCRIPTION OF THE MODEL AND THE AIRPLANE 

A l/5-scale model of a twin-engine cargo airplane of 
conventional design was used in the tests. The model 
configuration symbols employed are listed in Apoendix A and 
the full-scale dimensions of the airplane are presented in 
table I. Photographs of the model mounted in the tunnel with 
the main landing gear and skis retracted, gear and skis 
extended for landing on a. hard runway, and with gear and skis 
extended for snow landing are shown in figures 3, and 5, 

respectively. 


COEFFICIENTS AND CORRECTIONS 

All data are presented as standard NACA coefficients 
and are corrected for tares, tunnel-wall interference, and 
stream inclination. All coefficients are referred to the 
wind axes except when the model is yawed. In the latter 
case, the force coefficients Cp f and Cy ' and the moment 
coefficients C m ' and Gi l a.re given about the stability 
axes. The coefficients used are defined as follows: 
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lift coefficient 


(t?) 


dra.g coefficient ( ^- rg -£ N ) 

V 'as / 


C^' drag coefficient about the stability axes i 

Gy' lateral-force coefficient about the stability axes 
lateral force 


oS 


/ 

pitching moment ( 2-22:1. ") 

' aSc 


C m ’ pitching- moment coefficient about the stability axe: 


( pitching moment 

V aSF J 


qSc 

C n yawing-moment coefficient ( ^ 

v qSb J 

Ci' rolling-moment coefficient about the stability axes 


( rolling momen t \ 
V qSb ) 


'Dp 

where 


C Dp parasite drag coefficient (c^ - £l±_ ^ 


q dynamic pressure (-|pV 3 ) 

S wing area, square feet 

~ wing mean aerodynamic chord (H.A.C.), feet 


b wing span, feet 

A wing aspect ratio 

Moment coefficients are presented about a center of 
gravity located at 20. g percent of the mean aerodynamic 
chord and 2.7 percent of the mean aerodynamic chord below 
the thrust line. This is the same reference center of 
gravity used in reference 1. A line diagram of the reference 
center-of-gravlty location is presented in figure 6. 
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The angle of attack is measured from the fuselage reference 
line and the angle of yaw from the plane of symmetry. 

A dynamic pressure of 50 pounds per square foot corre- 
sponding to a Reynolds number (based on' the" wing of 

1,300,000 was maintained for all tests. 

The stream inclination and tare corrections used in the 
computations are the same as those used in obtaining the 
results of reference 1 . Definitions of the tunnel-wall 
corrections may be found in Appendix B. 


RESULTS AND DISCUSSION 

The effect of wheel skis on the longitudinal character- 
istics at zero yaw is shown in figure 7 for flaps up and down 
45 °, with the main landing gear retracted. Figure g presents, 
for the flaps-up condition, the effect of the skis on the 
longitudinal characteristics of the model with the main 
landing gear extended, and the condition with flaps down at 
4 - 5 ° is shown in figure 9 - These figures indicated that the 
addition of the wheel skis had negligible effect on the 
longitudinal-stability and lift characteristics. 

The effect of the skis on the cha.racteristics of the 
model in yaw at a u = - 1 ° and 6 °, with flaps up and main 
landing gear retracted, is presented in figures 10 and 11 . 

The characteristics at a u = 6 °, with flaps down 45 ° and main 
landing gear extended, are shown in figures 12 and 13 (ct u , 
the uncorrected angle of attack referred to the fuselage 
reference line in degrees). The longitudinal-, directional-, 
and lateral-stability characteristics of the model in yaw are 
practically unchanged by the addition of the wheel skis. 

The drag coefficient is found to be reduced when the 
skis in the retracted position are a.dc.cd to the model with 
flaps down at 45 °. (See fig. 7.) However, in the flaps- 
up condition, a high-speed profile— drag increment (at Cp = 0.2) 
of AC Dp = 0.0022 resulted from the addition of the tail 

ski and the main skis to the retracted landing gear. (See 
fig. 14 . ) The fairing of the main skis in the retracted 
position with model clay, as shown in figure lp, greatly 
reduced the over-all drag increment to ACpp =_ 0„0010, By. 
removing the tail ski, the drag increment of the faired main 
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skis alone (in the retracted position) is found .to be 
AC = 0,0005, Hence, the drag increment of the tail 

Up 

ski is also A.C = 0.0005. 

D-n 


CONCLUSIONS 

The conclusions drawn from the tests of the l/ll- 
scalo model of the twin-engine cargo airplane equipped 
with wheel skis are- as follows: 

1. The addition of the wheel skis had a negligible 
effect on the power-off stability characteristics of the 
model in pitch and in yaw, 

2, At = 0.2, the profile-drag increment due to 

the main skis in the retracted position is 0.0017, while 
that of the tail ski is 0,0005. The fairing of the main 
skis in the retracted position with model clay reduces 
the drag increment to 0.0005. 


Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 

APPENDIX A 

MODEL CONFIGURATION KEY 

W wing 

B fuselage 

N nacelles 

E exhaust stacks 
H horizontal tail 
V vertical tail 

F flaps 
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L main landing gear extended 

Ljg main landing gear retracted 

Lg tail wheel 

L front gear extended, front skis extended 

L 2 front gear extended, front skis retracted 

L 3 front gear retracted, front skis retracted 

front gear retracted, front skis retracted plus ski 
fairings 

tail wheel plus tail ski 
S standard configuration, WBNELpL^HV 

APPENDIX B 

TUNNEL- WALL C ORREC TI ON S 

The tunnel-wall corrections are defined as follows: 

Aa = ( 8 W + 0.017c) | C L X 57.3 = 0.9^ C L 
AC d = = 0.01A3 C L 3 

AC m = -s t Ek x 57> 3 =-0.019 c L 

C di t 

where 

Aa tunnel-wall correction to angle of attack, deg 

AC]} tunnel-wall correction to drag coefficient 
AC m tunnel-wall correction to pitching- moment coefficient 
6 W jet-boundary correction factor at the wing = 0.1235 


&t jet-boundary correction factor at the tail = 0 . 0 S 7 
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<3-C m 

■ change in pitching moment per degree change in stabilizer 
angle (stabilizer effectiveness) = - 0 . 033 Meg (com- 
puted) 

C tunnel cross-section area = 7° S Q ft 

S wing area = £.16 sq ft 

"c mean aerodynamic chord = 1.05 ft 

Model dimensions used in computing coefficients are as 
follows: 

wing area, sq ft 8>.l6 

wing span, ft S.60 

wing mean aerodynamic chord, ft . 1.05 

wing aspect ratio ..... 9*0c 
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TABLE I.- GEOMETRIC DATA OF TUI H-ENGIrTE CARGO AIRPLANE 
[DI mensions are full scale] 



Main Surfaces 


Component 

Wing 

Horizontal 
tail 

Vertical 

tail 

Area 

Span 

Aspect ratio 
M . A . C . 

Flap (type) 

NACA section 

Taper ratio 
Incidence 

9B7. ft 2 
94 . 5 S ft 
9.06 | 
11,52 ft 
split 

2215 root 
2206 tip 
0.300 
2 ° 

20b. B ft 2 

26.7 ft 
3.45 

simple 
(balanced ) 
modified 
0012 
0 . 231 
2° 

110.2 ft 2 
11.23 ft 
1.145 

simple 
(balanced) 
mod if ied 
0012 
0.264 


Movable 3 

urf aces 


Component 

Elevator 

1 

Rudder 

* lap 
( Split ) 

Area aft hinge 
Span 

Total surface 
area affected 
Chord 

62.2 ft 2 

26.7 ft 
176.6 ft 2 

3S.8 ft 2 
9,26 ft 

S4.0 ft 2 

5 3 .5 ft 2 

41.5 ft 

RR? ft 2 
2" 01 ft 

j jjcqnstant )_ 

Length from c.g. to elev&Lor hinge line, It-i 
Length from c.g. to rudder hinge line, ly= 

=39.7 ft. 
3 S .3 ft. 
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GEAR EXTENDED AND vS>f /S RETRACTED FOR /.AND/Nfr QA/ RARD F?L/N\A/Ay 

CONF/G. g L ? 




A/RPi-AN E THPOSr Na/B. , 


TAIL $K/ AT /=>0>S/T7O/V ~ CON/^/G-. * L+. 

£1GV*^2-- WHEEL->SS</ TEST/E& ON A Jf, -^srAi, /=- ^ 

77/E 7JVM-&/&/NE CARGO A/A7REANE . ““ V 
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(b) Rear view. 

Figure 3.- The 1/ll-soale model of the twin-engine oergo airplane 
showing the skis and gear retreated (S+Igl^+F 48 )* 
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(a) Front view. 



(b) Rear view. 


Figure 4. - The 1^.1-scale model of the twin-engine oargo airplane 
showing skis and gear extended for landing on a hard runway 
(S-fLsU+F 46 ). 
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(a) Front view 


(b) Rear view. 

Figure 6.- The l/ll-eoale model of the twin-engine cargo airplane 
ahowine skis and eear extended for landing on snow 
(M^-fF 48 ). 
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F/Gwa s.~ aaaacT o£ wt/set. e/t/s oa/ aoa/g/to'e/a/aa- ^tab/a/te 
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0 

PUN /6 

s 

SK/S OFF OC u = -/ 

A 

n 

•S +L 3 L 4 . 

" PETR ACT ED .. " 

0 

/7 

s 

■' OFF +e‘ 

V 

tz 

vS + L3 

" RETRACTED •> " 


NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS 



F/Gt/RE to. - EFFECT OF WHEEL ■SK/S ON C L , C a \ AND C m ' , 
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R/3L/RE 13. -EFFECT OF WHEEL EH/S OH LATERAL- ETAB/L/Ty CHAR A C TER/3T/CS 
OH THE MOOR/- AT OC# - 6% HLARS OOWH <5~“ Q 3T /. 4- , 

/HA/ H LAHD/HG OSAR EHTEHOEO , HOOOER A A/£> ELEVATOR A/EURRAL . 
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/"/ GURE /R. — M/A//ML/M £>/?AG CA/ARACTER/ST/CS OR 
T/SR AROSE Z. IA//TR/ TA//E ARA//V WR//E/EI L 
RR/S OA/ A A/D ORE, TA/L WHEEL SR/ OR A /VS 
ORE, W/TR A A/A W/T/YOC/7 SR/ RA/R/A/OS , 
R/ARS SR. 
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(a) Front view. 
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lb) Rear view. 

Figure 15*- The l,Al-aeale model of the twin-engine cargo airplane 
showing the main skis in the retracted position with a clay 
fairing added* 




